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NEW TECHNIQUES AND PHENOMENA AT

J. W. Shaner
ks Alamon National Laborijcory
Los Alamos, P&w Fkxico 87545

ABsTRACT

MULTIMf?CABAR DYNAMIC PKESSURES*

At pressures beyond the range of contemporary
diamond anvil technology, we expect a wenlth of
urwxplored chanRee in c he ?roperLtee of materl~la,
such na the tippearance of npw aolld phaaee and large
lncreuaee in melting temperaturett. From a pr.tccicat
standpoint, multi-megabar prenaurett still requi ra
dynamic compresaionn becauaa of tha difficulty of
containing a very high energy-density. Shock wavem
have been a convenient way of producing tairly
well-defined material utatua Nt multi-megabar
pressures. Howevor, the rapid temperature riutr
associated with strong shocke hnri obrrcured come ot
lnteresttnR material behavior, Or tha nther hnnrl,
temperature rine mokee shock wnve tcchniqueM ldenl
#tudying melting phannmerwt at very IliRh prerraurtn.

13v ticcurately muanuring the valocity of sound
d trhock compre~eed mtrdium, wrt tiffccti~)aly obt,l
drtrivacivs 01’ the cquntlon-nf-rrtotc surface,
uddition to this ntrw information. the sound vol.w

the
the
for

in
nd

In
itv

1S s~rwitivt! to changen ut atitte, Annthor HcnMitiv~!
dctactor f~f phatte changen lJ the trtmper{iture behind #
shock front, fly mvuriurtnR tempernturuu and wound
volOcltf~e we Imve hvcn ablo 10 detect previouuky
llnm~asured sulld-nolfd and meltlnn tranttltlonu,

BACKGROUND

‘1110 UMLI ot rthock wnvee in thu lnvont!gntion of
mntvrlal prnpertiuu ftt vwry high pr~rnrturon hou alrtutdy

had ;I lonR htrtcory. SubJ@ct t{) the vnlldlty of a I ew
~lmplffyfn~ 4*#umptionm, 4 rnhurk wnve producett M
renMonably WPI1 detlnvd therraodynnmic Mtat,*ut truth
Ol?vattirf preneura und rlovott?d temptrraturn, in namplrs
which my bo trovpral ruble ccorim~tt$re ,Jr larger in
Ill:n, 141tl! the anttumptinn nt u utwrdy propmgatltt~
rnhock wnv?, th? rnnaorvatlnn uf manu, m(lmttrrtm, 4 II(I
vn*rfly 1 Old rmttpwct {wlv to thv throu Muttunlor
t+q!],ltions rol;ltln~ tha ~t,lt? ,~1 Ihw ~hork dump rt$u q,td
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M rhci qlln(~k vpj,,(:lty, IJ
d LIIII nhnck, i’ IN t hl!

hlll)4,k prt)pdxnl iOII d[rert IU II, *IIII t in t h? inttirntil

‘-~[iirt””~fi~-~att Purlorrnwd undur tho auapicaa ut the
Unlt@d 5tatao Umpdrtmwrtl VI ~n@rRy.

energy. The mtiauurement ot Us und Up .iIung with the
initial conditinrte of the material are sutticignt to
dencribu the the rmodyruiml c trtate btrhind Lhe uhock
front. ‘tll 0 locus or sue h 8trltcU utartln~ frdrt M
COMUWII inltii+l condition is rerttrrod Lu Un the

Hukron Lot cltrve, and [t 11(!M on, o r C1OUO to the

@quilibriun equation of *tnce surtace.
llre uunmptlon that a #tronK chock propagnton aa

a nteady wave Iu Henerally conainterrt with

meaaurernent. WS/Ik shock wrrvert, whoro the lon~itudindl
alaatlc precursorrn uru not overdrlven, Monerdlly are

not steady, olthough portiorra of vven these Wavo

fronts may uc.hiove II Ntuldv ~tut~!- (I).** The
phenomuna dencrlbed In thi}l pnpwr all reitrtt! to titrorrkf
~hock conditinnM, where tho !Itvmly wavo .trruunptlon In
gnud ,

Aruthnr dMHurtption {H Chltt thermodyntimlc

uqulllhriwn lM outulrllahed hchirtd thtr *hock fronto

Althowh thr tlmcr tntervtllu ttre vury nhort,

vrtperlmuntfil cvidvncw lndl,:otou th~tt cquilltrr{uo In
verv q(]ickly eMtab]inhvd, with purhuptt twn rrot~blu

uxcmptlonu. Somo phn~o tranuitlonM, Much trrn t’lut trom
hrmph; tm 10 dltimond, aru noLorlOUUl)’ uluy, ginho llllrt

Ulle i# atwn ( n Nhor k W41VUII, huL it @ubMtrrntimlly

hiKher prv*nurnM 111111 t~$mparatur~’m tha!l IN r~’qu.irrnd tu
v unvo rt qrnphltu LO dl,lmund #lntlc4111yo Altto, in

a4implun r.covertwl ~lttnr Nhuck Ioadlrrfi, bmI ( tnd

vviduncv I{,r * :ltm-~quillbrl~ concirntrutlun UI

d!?fvct~, t’k)ht %h(rok r~rovvry uxpvrlrnunts involve
c nmp 1 v x urrloadlnR .1nd rolwodlnu pruronneu, Uu mny
dadurtion conuurnlng !IIO IItA2e III mttt~rialtr huhind tho
flrut shock uhuuld h~ ttthou with cautlun,

‘llIu !truhlarn IIt noti-aqulltbritxn do!,nltitrn han olttII
II*V11 r,li~d - (2). Although nu dlrtrvt mvtt#uramont hmo
uvur btw.n ttrarto uf d~nuitiurt III mhock comprott~od
mlt.vrlfilm to holt~r tlwin (I rw porrttrtt - (3), we
h~liovv the dmnultioti to ho t’[nuu tn ●quilibrium, [n
p~rtl(:ul~tr, by vttllbr,ttlnM ruby tluoroucanc? #kf@lnttt
nht,ck vxporlmerrtq on copper - (h), iIIld then rumpdrtllu

ntiltlr ‘tttd dytlttmir exllerlmontt! un 1 ron, 1,11* ,~htliinn
.tgrOvmt nt 1)11 t INI i Rut hotmil I d!)mprvtialot! curw

ruunlutl~rrt with _xporlmonL~l urrrt+rtatnt Ion {It ,1 f W

pvrrunt - (’r). If th~ d~feclit t,otlt :ihutu lU lhII
dvntiitvl vllhor thv contrlhutfou Irt xmftll, ur it la
virt~mtlv ldt*t!llrul Iur vt)ry dlff~rvltt mt+rnlttl We
I,IvI 11111 Ietl!,r puMnlhlllty fa ulilik~lyl

&\t}thttr ,~~n~nptltm dt*Hvrvt,M montiott. Tllv Ntrenn
In oqlwttlon (S) rvtarn to n lwn~ltudinui cmrtponvnt tiwl
1101 Lllll prurtuur~l, 111w f44,t thilt non-ttt ro strautt
duvidror~ mtiv ottfn L hPhl Iwl (I nhock WAVU in it NU1 III WLIU
ratotinltod I root t ho v~)ry hwM,lllllttU Ilr 4UC h
:,xporimuntn - (h), W nr@ tInlv IIOW b~fllntlln~ tu MI* I
qtutnt ttfir, ivv dtitn eunrurnin~ r,hv relat lunrrhtp hetwael:
thr mv, ttrurod lut!Mttudlttnl tttruno dnd the mwdu tttrmrrrt
,)r llrq NrIllr!l, (n p,iitlrulilr’ Ut*ltlt it’anl’w ,lr Q t hQ
IIenllltv tl~d t *mpQrmturt/ delwndunru 01 Lhv Ml tocrivv
t low ntr~tin 4nd t IW qllwllt 11)11 ot hww I,lotlll lU 4
ttvdruatnt t ha mdt@l t/11 I)ahlt!d ,! uhu(:k W/l VM Ilurt, Wm
Ilktvo .lcclmul IItud daln OQ* r Ill* lattr two dm{:ndaa

. --- . . -
‘*h ‘~~~wrD ~n paretttheaoa demlKnmta rateron~ie dt tha

end of tha papar,
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%ndicating that, as expected, the flow stress does

lncreaae w.th increasing density, ~t least unciL high

temperature effects dominate - (7,8). However, recent
experiments by May h..ve shown that in the case of
alumintun shocked to nve r 21 CPa the state of the
material appears to be within [j.2 CPa of hydrostatic
conditions - (9). We can interpre? the Low value oi
the shear trtress in a shocked metal (n terms of the
,idlabatic ahoar model develuped by Cradv - (10). [n
this model, the shearj,ng i,ccurs locally in bands,
whore the internal energy increases unstably, As a
re~ult, Lhe material may hnvo little macroscopic shear
strength. AI though Ltle avai lable tixperimental
evidence supports these ldt!ab, the data necessary tor
d complete quancttati~c model of the prosaure
depttndence of strea~ deviators nre atiil incomplete.
Witkl more complete data we ~ho~lld hu ,)ble to make
ronsiatent Solid strength correction to u1l ot our
shock wave data.

(me further limitation of shock .mves NS a mt]ana
(, f atudylnR miiterttils at high preuaure iti a reeult ot
the particular ?.r~ck thl~ HuRonioL curve mako~ i 11
thnrmodynumlc sps:et Lf the fihock atrenqth im
paramecerizod by U

~ and P; “::a;”n
set! by dif$uren,,inting

equattonn both prcusurrn iind internal
unergy (or entropy) incrnoue togother, except In the
most pii&hulogical Catiun. Ax a result, those
transitions llket normal melting, where lntt!rnal cnrrKy
lnereaseu from (IN! solidua 10 l(qulduu, but the
transition preu~uro Inrrtvtnwti with Khe (tt!llAity, arc
indicated hy only nuht.le rll.’ingt,n in U1OP+I in tho curv~
of II Vn U , ,U JIn indication al thti ~uhtlly, wn show
[n Pig. ip thv HUXONI(]L curvu l,)r lead ia thv roglun

whcrm meltlng should ho tOkin R p! Nce, The Nxpurimtints
Aive no lndlcntton 0[ a moltiau tran~ltirm,

‘I?IP now ttlchniqueti dvucrihed in tha nc!xt #uctionu

ovcrcnrn~ nom~ o; th~ Hhurtcom!ngti UI shock wavom aH a

meanfi (~r lltllilv 1 ng malertnlu at high pron~urra, In
pnrticuidr, we duticrfho thrco nt~w Lorhnfquen wlIi I,h

allow nae to detnct I\dw ph/lM” traaiiirlonu and tn
mt, aaurw !Iew rtctailn Or t hv thcrmd 1 ,1tl.1 mcchNni{:lll
behmvlor of rthurk compr@u#od nwLnrlaln,

II PTICAL PYROMETRY

}>t)m equntfort ‘1 wo tirt,fhat tho themal pnrtimt,tar
mvnnurorl [n a ~ht)rk Wa v u t,ttpurimvnL IN lntcrn~l
envr Ny, [n hiw ●orly wnrk - (II), Kormwr uhowod that
Ijn Q ml~hl hv iihltt tn mmilnurr th~ tvmp@rntu:o MN Well

— . . .. -. —--—-- .— —p——~
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in II shock compressed transparent material by high
s peed {>pLical pyrometry, In Jddition to providing
heat capacity data, certain phtise transition showed
u p much more clearly in the presbure-tempertiture
repreaentatinn thar in the press ure-euergy P1O e.

lhis work formed the conceptual b~ata for t Wo
sets or pyrometric mcasuremencs on shocked Si02, one
set hy .Fk Qocen at Los Alamon - (12) .~nd another by
Lyzenga at Cal Tech - (13), When a strong $hock
propcgatea into o transptrrotrt s:imple, thu thermal
radi<ition from the hot compressed material can pasa
through the uncumpresaud material .Ind inr.o H f[ist
uptlcal pyrometer. [n these experiments, kk@tt!en utied
a roLating mirror atretikin,q cumeru with M df!tonstlon
wav* in nltromechano as a calibration standard,

Lyzenga used aillcon photodiodos tind color filters
calibrated ngalnst a tungecen ribuon lamp. The data
from both Beta of measurements arc shown 1P Fig. 2,
In order to make the comparison, nvcrage emisalvities
from Lyzenga’s meotturemonts were used. ‘(he ~greument,
within 5% tn absolute Lempori+ture, ia excellent for
nUCh measurement dbove s000 K ~tnd with time
renolutinn of leaa than 10 na,

Several surprises appoa rod in this wrk.
Firstly, even at shock temp~ratures below 5000 I(, the
riatt timo nf the optical ei~n~l wati less than 10 IIS.
Thorsfotw we m:ty aay that o layer of shocked mtltariai
1(!ss LhAn 100 urn thick 1s opuquu, We expect thnt a
wldu gap insulator like #tishovite Mtluuld Ntill be
,Ipti(:a]iy thin ttndur theNe renditions, unlabs thure
dra mttny dutect t!lortronic stote~ in the gap, Lf that
is r,rut!, we !mrry ,Ibout wlw!thcr tho radiation IN gray
body and whechur thu apparunt tmmpcraturen repreuent
vquillbr L,snl $k, asurvments by LyzunKa - (14) lndlcute
~1 Houd tit to @ gruv body spect runt NO tit ~tltlSt the
radi Mtl(m tippunrs to hv tht!rm~tl,

‘lb@ nuxt Hurprlse wnn tho reutoo tor both funi!d
I+llica a nd rrjsLal qunrtx WIIV ro inrrotisin~ ~hock
prernk~re (and internal t, IN!rHy) dorr@aHes tha apparunt
tompttrfl Lurw, ‘Ihia Indira tfon {If d phnso (:hiin~u cannut
hu daLtrCted in runvcntlonal nhock meanuramontti on
S102. Ill@ hnnm#louM hQhnvit)r cnt] ho cxplfiined Ln tw
wnyn. ll)o lhl~ontot Inav Loi]ow AU mqlllllbrlurn phaue
IIIIP with nc~atlve d’t’/d P, ‘l%u rnhu~!k tQmper~turan aru
L411ch L:l(lt Wn I!llllpo($t t h 1, n@w ;)hlrlltr (:IIOIIMC LO he

1-
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meltinjr, in which case the sillca ❑elt 1s denser than
the solid. Cn the ocher hand, Lhe discrepancy in
I.ocacion of tht ,hase boundary for t hi! iused silila
.lnd the quartz su,qgests complex high temperature phase
behavior or non-equilibrium effects. ‘ftl@ ldtter
explanation has been proposed by l,yzenp,n - (13) , Buth
transitions are then supposed to he melting from ii
suparheactirt Solldo .U though one rarely can superhu~t
ti solid, unrl certainly not by 1000 K under normal
:onditions, in these experiments we ac~ Ioukinti less
thal, 100 I!III into the shocked material. At this depth,
t he material ta only iI few rztinoseconds behind the
onset of the sho,:k. ‘these experiments may in Fact bu

the first observation of n limit on the time scale
necessary for .I melting tra~laition.

In order to reaolvc the uncertainty in the
~nterpretation of the S:0 results w mat pursue bnth
more careiully controlle~ “hock waves with !ntiter
pyrometry, and $imilar axperimenta around better known
phtztie trunsitlons. Fxamples of the lattur would be
the melting transitionti in the alkiili halides. (AI the
,~thur hand, optical pyromtitrv hu~ alreudy provon to be
~i viable technique, an well aa a menn# to observe high
pressure phaae behavior whlc.~ tu not acceaaible hy tiny
other meana.

yt{~ OPTICAL ANAf,Y2ER

We have seen tlmt the rndiation from shockud

transparent mncerials may be therrn~l tlnd thnt the
optlcnl depLl may ha very nmtill. lhv*o irfeuu load to
/1 schrme to? m~anurtn~ rvl~~tz~t, Wnv t, V@lOCitil*N in
shock comprosued media, The lnf’ormttfon cnntnlncd in
this d~ta llwlwdee lou~ltudintzl and bwl k Nnu nd
velocitlen, ‘tile optical ana]yzer xchwmv, d~velopt,d by
!4r Quutin - (1 5), la bnuttd un the urLu ut n nhort shock
[1 IIlntrated in Fig. 30 lf a thin flyer plato impnrt~
II t~rget, !{llt~ckn prnpa Rntn forward in the tnrRut and
h~ckward in the fly$!r, ‘lhe It!toraottrm or the tihuck
with the Plyor frmo wurtnce rcrnulc~ in II rtrlon*t] vrnva
cuntinR fnrw~ird ~!~~lin w{th [he velocity ol tIutlnd III rhv
uumprannort mwtium. Typically thl~ r,lrel~ctinn trfzvwln
fo~tnr thnn tha shock, which In turn lN uup~rrnonic
with rospvct to rho ~lnrnmllronttvft mvd i m. well tlln
rnrcfnrtlnn rntrhoti th ~hock f rl)llt, thv ponk pro#*ura
fltnrtg to ,Iimlnlnh, At thi~ point LWIj mc.)~urnble
;)hyNlrtLl pllunnmvnrn nrcllr, t’ir~ttho Nhork VuioL’lt V
dv(:rvurno~ with thv p~{!k pr~Maurv, Ill lhu It!nit of
:nro pr{lN411rn Itl(:rnflml!, Lh? dlNtllrb#nte LrtlVvl* with
Lhu ]o!lgitudlnal e]nmtlr v!~]nrll Y In tha llncomprvNntwl
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material. Secondly, the tcmpcrirture drops with the
peak presuure.

Since the thermal radiat}on variea with cl high
power of the temperature (> T* on the blue Hide Of the

black body pe~k) and tvrnperiiture varies between the
t’irst and second power ot the stress, small charqea in
strctra mttko larRe chan~ea in liRht intvnsitv. Al*o,
it’ tht source 1s nptically thick, we will sea the
decreuee in thermai rizdiatiun within rI tew ntino#econda
of the cstch-ttp t ime,

I’o r use with metal targets, the technique
consists ot propagating a tihort shock through varying
thlckncstros of target b~t!ked with ~ trarwzparent
radiator, For a Lhtn target, the tihort shock trn~~ela
l! longer time in the radiator with n contitant peak
pressure and radiation lntonuity before catch-up. A
thicker turfprt will reuul t in # ~horter time of
conatnnt radi,lt ion Intensity. k t Ua I thermal
radi.ltiun nignals recordud by photonwltipliera are
/hewn in Fig, 4 for two diit’erent cd r~e t thickntssue~

dnd Lhree anulyt!er maLt!riiLltz.
U we plut thu tlmo intervul of contitunt thermal

rndizttton againgt targut thickntiati, we get a ~tral~ht
111)0. Wa have nhown this to be rigorously true from
similarity a:gumenta - (15). Bv extrapolating down to
z@ro Limo w get the Ltlrgot rhickn{!srn req,lircd tor the
relenue to c~ltch up ut the Lurgct nn+llyzer intertilce.
Ii y thin maunti we ,Iv[)id Ull ,:orrcct lonu tur WUVIJ
il!tvractlnn .it rho lntertucc. Ilie d;ltfl trom Fig, 4 la
plotted in t’t~, S to #now ttlat the m?,;ltiurt!ml,nLs do not
dupund nn thv nnaLyzor m~lteri~lo From Ctlis t.argvt
t.hicknuse u nd the known Ilyer Lhlcknt$Mrn w(} can
~ulcul,lte thr rt$lenpu wav~ vvloclty,

lhLI kind II( rulcamc W*VP utrucctlre wu fire looking
‘ or hfitI hewn dotzrrihrd pruvloualy by AN,tv ot pfcwurs!a
I)eiow 10 [;PA, In bnLh poroun {Ilumlntzn - (16) ond in
bfNmllLh - (17), hrI t,)und thnt tlla lending UIJ*V ot thu
rnlunav wnve rnnvtng into til)lid nutt.t.ri~ll prupagillod
with t h{, Il)l),:itudlnal q<)uflci velocity,
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hulk W/lV(! vclwcity,
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radiation vs stress makes it very difficult to extract
anything but the velocity of the head ot ttlu

rare faction wave. f@re quantitative results for the
high prf!ssure mechanical prcpertiea ;Ire described in

the next section.

AXIALLY SYMMETRIC MAGNETIC PROBE
The axially symmetric magnetic (ASM) prcbe la

nnother new technique we are exploiting in order to
overcome the prcasure limitations on velocity

interferometry. ‘I?li9 technique W,lu originally
developed by Fritz, et al. - (20,21). The ASM
measurement consists of a static magnetic field set up
by a cylindrical magnet surrounded by II coaxial loop
.3ntennao When a metal sample la shocked and starts to

move, the magnetic fi-ld distribution is deformed in
such a way that voltage la induced in the pick-up

loop, Thus, we muaaure Up of the metul behind the
shock wave.

A typical assembiy for an explosive driven
experiment is shown in Fig. 8. As Ln the
interteromet~r mcfrsuremente a non-conducting window is
piaced ov, r the sample free surface to prevent
uncontrolled *pray coming off and confusing the

measurement. The window, if matched in impedance to
the mctaJ, illso minimizes cvnfu8ton (iue to wove

interaction at the intertace. Howek e r, ior the ASM
prolm there is no requirement thnt the window stay
transparent or nave u calibrated rt?fractifve index aM u

[unct ion nf stress. Illc onL { require ‘merit is that thv
L-1o ~q~m, #o [10 flux ’111resist ivity stay tibove 10

hti trnpped during the several hundrm nar,oneconds of

th~ Oxperimcnt. On tho other hand, calibration of the
system ia inure difficult than the interferometer,
pnrtlcul.arly if corrections for flux diffu~ion in tho
mctfll or trapping in the window are neconsory,

Wl! t4how in k’ig. 9 a typicul wave prot’llo for d
2024 aluminum tnrRet backed by a t,.tlon window,
shncktid to 55 l;Pa - (22;! The time t3 denoten tht!
,irrlvul of the nhock at thw .I]uminlmi-tetlon int~~rfac.a.
Similarly, t~ and (In tivnur.e the nrrivn] tlint$s of the
longl:uriin~l ela~tlc ond bulk parts u! t II(? relen~n
Wilvtl n t this uamc lnttrrt.]cc. ‘lhv tfmv td donuto~

dt,m~iunrtl~:~tll)tl nt thv m~lgnoh when the Nhock wnvP

lmnactn It. ‘rem thu U
t

mv(i~urt?d he foro t~ *tld lIIU 11~

ln~asurad hy :hc time in crvui tl-td wc can Obtnfn I:llc

I!ujronlnt Stotc in the tollon, and :)y standard qhurk

impwdoi)(!u lMtCi,ing tct!hniquos we win tull tht, HtlMoniot
,ttatn [) f t 11v illt1011114M14 Wo Cmll 411 all mvtimurv th~

llu~ontot rnLatn in thn 441umlnlrn indcp~udofttly, Ml) L I)(*
ln~ttnl Nlmck slatQ 18 w@ll chnr~vtertnotl.
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Pig, 9, A typical annlyzed material velocity record

tor ,~luminun shockud to 5S GPa, backed by u teflon
window.

Wo show 111 Fig. 10 some prelimintiry ASM probe
data on the changt! of longitudinal olilstic wtlv~
Ve(oclty in al!nminwn as u function of’ Hu~oniot

stress - (22). 111t! other curves a hewn aro th{j

t!~lci]l(lted bulk wnve Vuloclty {i nd longitudinal
Vuloritit!tl derived trcm the bulk ~isu~ing a ~ollstant
shear modtlltts (IJ=VO) or /1 con8t4rnt Poisson Laclci
(u/B=conNt,). Kvidently the dtitn show that the slwir
modu]ua iu incraaainx tauter with cnmpretision than the

h\llk modul~,ti t,jr dluminm, Ihia prIitIl lH conslst4tnt
with ultrasonic dnt/1 aL Iuw compreu~ionti - (23).

From thu chan~i! in u betwen tl iind tlo, Al),), we
can PIiIculmL.Q the cl~nngr”lu tthunr strtisti act:ompanyin~

this qu44t4i-e141utic p~rt ot the ruioane wavh. ‘I?Ii a
($NICUIOL1O!I IS virtually the nmmw UN thtit ropnrtpd hy

Aui!y fur uw with vclovtty intcrfuromvr!~rti - (9), [f
we know the ahe{lr Ut4Wt48 III thU }[Ugdtl lot HCatfi. then
Uh41 uhmnr Mtrwna chnn,;c upon ruloiiue 1* n meat4uru () f
t 11($ (:riticnl I 1 nv *lr@et4, ur yield Ntrungth, U1 the
cumnrwri Mrwl m~!rt,rlnl, S{IIC[l We IIIIW hnllnva r hnt the

!hlgorllot ,tt ronu tncludt,~ n she~r cumpuncnt which may

~ —~-. l-_._J
o 50 100

&n(GPO)

tl~ 10, llrll~lcluiinnl ,$I,811L[,: Wava Valoclty 1l\
,Illanllllm n M it lutlrtll~n ut prw~uure, other c\Iyv””
d ro Ih(, bulk U/iv@ Vl,loclty (CM), and tl14J
lungltudlnal ol~stic wnvti valuclty calculated unlnM

(’OnWL#lllt Mh@dr iWhiUM 4111d umlMtallt Polaaon rnLio.



-.

,,,

be dependent on compretislun and temperature, 23. “Single Crystal Elastic Constants and Calculated

extracting a yield strength from a shock experiment Aggregate Properties: A Rsndbook,” C. Simmons

may be uncertain to within a factor of two. Further .;nd l{. Wang da. , HIT Press, &mbrirfge, ,U

experiments using interterometr,r tznd ASM probes should (1971).

allow us to unravel these complex phenomena.

SUMMARY

We have shown three new techniques developed to
increase our knowl edge ubnut the high pressure-high
temperature behavior of materials behind strong shock

waves, ‘these have pruven to give new information
about the thermal Jnd mcchanicnl behaviur of
compressed materials. ‘I?te pyrometry turd elastic wave
measurtiments also provide very sensitive Indicators of
both solid-solid and melting phaae changes which
cunnot be detected by conventional shock techniques.
With these new means, we should be able to answer menY

more important quustions about the properties of
❑aterials at pressures greater than u megabar.
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